Recent studies indicate that glyphosate applied in post-emergence in RR soybean can eventually cause phytotoxic effects. However, there are many questions that need to be clarified in the scientific and technical contexts, involving the issue of RR soybeans regarding the use of glyphosate. This study has assessed the impact of the application of different doses and formulations of glyphosate in the reproductive period of RR soybean (R1 stage). For that purpose, an experiment in the field was conducted in two harvests (2011/12 and 2012/13), in which a 2 x 5 factorial design was used (formulations versus doses) totaling 10 treatments. In these two experiments the variables related to agronomic performance were: phytotoxicity (7, 14, 21 and 28 days after application), plant height, number of pods per plant, yield and weight of 100 grains (end of soy cycle). The results obtained allowed characterizing phytotoxicity and damages to the height and yield in RR soybean, with increasing rates of glyphosate applied in the reproductive period.
INTRODUCTION
The importance of glyphosate is relevant in national and world markets of agricultural pesticides, thus highlighting the significance of this product and its intensive use. Products containing glyphosate are registered in more than 130 countries. In the world there are over marketed 150 brands containing glyphosate; its control is proven to over 300 weed species, and this herbicide is used in over 100 crops, with registration (Velini et al., 2009; Monsanto, 2012) .
After the expansion in the use of this herbicide, tillage had significant progress in Brazil, having solidified over the years; another revolution in Brazilian and world agriculture has been provided by this molecule, now related to RR crops. In Brazil, in the last harvest (2012/ 2013), according to CONAB (National supply company) (2013), a crop area with soy was of 27.65 million hectares, being about 10% higher than the previous crop, and RR (Roundup Ready) soybean crops account for almost 90% of the total area of soybean, or 24.45 million hectares (CÉLERES, 2013) . But even with undeniable success and acceptance of this technology, there are consistent reports that some soybean cultivars, even tolerant, can still present herbicide symptoms after application of glyphosate (Albrecht et al., 2013) . These physiological responses may vary according to location, soil class, environmental conditions and other factors (Zablotowicz & Reddy, 2004) .
Results of recent surveys report that glyphosate can influence the nutritional balance, generate phytotoxic effects, affect the efficiency of water use, photosynthesis, accumulation of biomass, quality of seeds and grains produced, and thus the agronomic performance of the culture (Zablotowicz & Reddy, 2007; Zobiole et al., 2010a,b,c; Albrecht & Ávila, 2010; Albrecht et al., 2011a ,b, Albrecht et al., 2012a Cavaliere et al., 2012) .
These results denote the possibility of compromising the agronomic performance of soybean under the application of glyphosate in postemergence. In this context, results in the current literature also demonstrate the possibility of any significant deleterious effects of glyphosate on RR soybeans in situations where application occurs outside the ideal time, namely, when it is performed, for example, in the early reproductive stage (Albrecht et al., 2011b) .
However, the literature to this area requires further information concerning the application of this product at flowering, simulating situations that occur sporadically in the field, in which the producer loses the recommended point of application, or chooses to make a later application to control remaining weeds. Consequently, with this late stage of the application, its effects on the culture may be different from those observed at the optimum time of application. The objective of this study was to assess the behavior of RR soybeans subjected to application of increasing doses of glyphosate in two formulations, at the beginning of the reproductive period of culture.
MATERIALS AND METHODS
The experiment was conducted during two crops (2011/12 and 2012/13), in the production area in Palotina, located in the western region of the Brazilian state of Paraná, with the following coordinates: latitude 24 o 25' 67'' south and longitude 53 o 82' 57'' west. The cultivar used was NK 7059 RR, with features such as: early maturing (maturity group 5.9), indeterminate growth habit and recommended population next to 300 plants ha -1 for the region worked. This was chosen because it has the largest area planted in crops 2009/10, 2010/ 11 and 2011/12, in the state of Paraná (Cocamar, 2012) .
According to Köppen classification, the predominant climate type in the region is Cfa -mesothermal humid subtropical. The altitude of the area is 320 m, and the soil was classified as typical Eutrustox Rhodic Hapludox. Chemical and physical soil analysis was done before the installation of the first crop of the experiment, at the depth of 0.0-0.20 m. It presented the following results: pH (CaCl 2 ) = 5.3; Al = 0.0 cmol c dm -3 ; H+Al = 6.01 cmol c dm 3 ; C = 15.71 g dm -3 ; P (Mehlich) = 4.10 mg dm -3 ; K = 0.62 cmol c dm -3 ; Ca = 6.06 cmol c dm -3 ; Mg = 2.06 cmol c dm -3 ; S = 7.47 mg dm -3 ; CTC = 14.75 cmol c dm -3 ; and
Behavior of RR soybeans subjected to different formulations ... V = 59.25%. The clay, sand and silt total content were 64, 22 and 14%, respectively.
Treatments were arranged in a 2 x 5 factorial (formulations x doses), in which were used two different glyphosate formulations: one presents in its composition the isopropylamine salt (Roundup Ready), and the other, the potassium salt (Zapp IQ) , which were chosen for being distinct and present commercial products registered for postemergence application in RR soybean. The five doses were: 0.0, 720, 1440, 2160, and 2880 g e.a. ha -1 (for both formulations).
The application of the treatments was done at R1 development stage (Fehr et al., 1971) . In it was used a backpack sprayer propelled at CO 2 with a constant pressure of 2 bar (or 29 PSI), a flow rate of 0.65 L min -1 , equipped with a bar with six nozzles range from the TeeJet series XR 11002 type, which, working a height of 50 cm from the target and a speed of 1 m second -1 in an applied range of 50 cm wide, provided a spray volume of 200 L ha -1 .
The dates and environmental conditions at the time of application of the treatments were: crop 2011/12, day 11/14/2011 (UR = 63%; vv = 4 km h -1 ; T = 27 o C); and crop 2012/ 13, day 11/16/2012 (UR = 57%; vv = 3 km h -1 ; T = 29 o C). The data of rainfall and maximum and minimum temperatures for the period of duration of the experiment, in two crops, was collected daily and Figures 1 and 2 were prepared with this information.
Sowing and harvesting dates for the two crops corresponded to: crop 2011/12, sowing on 09/22/2011 and harvest on 01/23/2012; and crop 2012/13 on 09/17/2012 and 01/24/ 2013, respectively. The plots consisted of six rows five meters long (spacing 0.45 m between lines). For the assessments was used a floor area of 5.4 m 2 , in which were considered only the four central rows, discarding 1 m from each end of the rows (borders).
The use of fertilization techniques, installation of crop and phytosanitary management followed the requirements of Embrapa (Brazilian Enterprise of Agricultural Research) (2011). The experimental plots were kept free of weed presence throughout their development through hand hoeing.
Phytotoxicity was assessed at 7, 14, 21 and 28 days after application (DAA), by means of visual assessments, in which percentage scores were assigned to each experimental unit (0 for no injury and 100% for plant death) considering visible symptoms on plants, according to their development (SBCPD, 1995) . The assessed variables related to agronomic performance were: plant height, number of pods per plant, yield and weight of 100 grains. The group of plants was also assessed, only to make sure that it did not differ among treatments.
To determine the height of the plants, 10 plants were assessed, randomly chosen from the area of the plots, by performing measurements with the aid of a millimeter ruler, considering the length of the base of the plant until the final pod insertion, and the results expressed in centimeters; as for the number of pods per plant, it was assessed by manually counting the number of pods, also in 10 plants. Both assessments were held during the full maturity (stage R8).
Plants were harvested by hand at the R8 stage, i.e., when 95% of the pods showed the typical staining of mature pods (Fehr et al., 1971) . Then the pods were shelled in threshing for experiments, cleaned with the aid of screens and packed in paper bags.
Starting from the grain yield in the plots, was estimated the yield in kg ha -1 , for each treatment and repetition. Then, the mass of 100 grains was determined by weighing eight sub-samples for each field repetition. To calculate the yield and weight of 100 grains, the moisture content was adjusted to 13% wet basis.
The experimental design was in randomized blocks with four replications. Data from each harvest was analyzed separately, according to Pimentel-Gomes & Garcia (2002) , in which the data set of the factorial experiment of each crop was subjected to analysis of variance; when the F values were significant (P < 0.05), t test and regression analysis was applied. The basic assumptions of the analysis of variance were verified; it was necessary to use transformation of the data only for the assessments of phytotoxicity. When choosing the best regression model, the Behavior of RR soybeans subjected to different formulations ...
following criteria were adopted: biological explanation, significant regression, non significant regression deviation, coefficient of determination and analysis of residues.
RESULTS AND DISCUSSION
From the assessments performed and the statistical analysis of data for the 2011/12 crop, with respect to the variable height of plants (Table 1) , difference was noted among the formulations only at the dose of 2,160 g e.a. ha -1 , but in the other assessed variables (number of pods per plant, yield and weight of 100 grains), no differences were observed (P < 0.05) among the tested formulations. Thus, a pattern of behavior can not be established to determine the superiority of one formulation over the other, within each dose.
In this experiment no traces of phytotoxicity were computed because symptoms or any other significant visual effects of treatments applied on coloration and plant development were not observed.
All interactions unfolding allowed the identification of effects (P < 0.05) by means of regression analysis for the variables plant height ( Figure 3 ) and yield (Figure 4) , and it was possible to adjust a decreasing linear model with increasing doses of glyphosate.
In regressions achieved for the two variables, the formulation containing the potassium salt (Z) was significant (Figures 3  and 4 ). Yield decreased significantly with increasing doses of glyphosate (Figure 4) , being recorded a decrease of 0.0517 kg of grains (51.7 grams) at every g e.a. ha -1 of glyphosate. The height was affected even in late application because the cultivar has an indeterminate growth habit, i.e., even the culture being in the reproductive stage, it still presents a significant rate of increase for a specified period after the onset of flowering.
For the experiment carried out in the 2011/12 crop, yields were low due to adverse conditions faced by the culture, in which mainly the water deficit between the R2 and R5 stages of development has severely affected the development of the culture. When a comparison between Figures 1 and 2 is done, it is possible to see the environmental difference between the two crops.
As this stress occurred during the reproductive phase, the plant suffered significantly with respect to productive traits, increasing the abortion of the flowers, and also by the fact that during this period the plant has its relationship source-drain changed; thus the grain filling (R5), which is considered one of the most critical stages of soybean development, was affected (Bergamin et al., 1999; Farias et al., 2007) . With this, the agronomic performance of the culture was affected: in this first crop (2011/12), the average yield of the experimental area and the average mass of 100 grains were respectively 1153.57 kg ha -1 and 8.16 g; as for the second crop (2012/13), the average yield of the experimental area and the average weight of 100 grains were, respectively, 3473.21 kg ha -1 and 17.61 g, and this second crop is according to the historical averages in the region.
With regard to the results found in the 2012/13 crop, the behavior of the formulations was repeated for the variables related to the agronomic performance of the crop, because differences were not found between the two formulations, in doses (P < 0.05), for variables: height, number of pods per plant, weight of 100 grains and yield.
For the data regarding the assessments of phytotoxicity, it was necessary to use the option of transformation (X+1) 0,5 . However, with this data set, even with differences (P < 0.05) between the formulations, in the assessments of 7 and 14 DAA (Table 2) it is not possible to trace a clear pattern of behavior. At 28 DAA, it was no longer possible to observe visual phytotoxicity effects in the culture.
The same principle of effect found in the first harvest was noticed in the second crop, in which the variable height was affected again ( Figure 5 ), because, as mentioned, the cultivar has an indeterminate growth habit; however, this decrease in crop height was detected for the average of the two formulations (R and Z). The differential point was that in the second crop phytotoxicity was observed in the culture, and it is possible to adjust an increasing linear model, with rising rates of glyphosate, for all developments performed ( Figure 6 ).
Probably due to the combination of drought stress added to xenobiotic stress (glyphosate or AMPA), the yield variable was most affected in the first crop. As in the second crop soybeans developed in a more favorable climate, the physiological effects of glyphosate were shown again, but without compromising yield; however, they possibly affected the photosynthetic apparatus (Zobiole et al., 2010b,c) , as in the decrease of height, demonstrating phytotoxicity in all developments. Behavior of RR soybeans subjected to different formulations ... Variations in behavior of culture between the two crops are mainly explained by the large difference between the two growing crops, in which environmental conditions were different, confirming Zablotowicz & Reddy (2004) , who point out that the physiological responses to glyphosate may vary according to environmental conditions and other factors.
Regarding phytotoxicity detected in the 2012/13 crop, the fact that environmental conditions for this location and year allowed visual detection of these symptoms deserves great attention, which had been dormant in the experiment conducted in the previous crop. This undesirable symptom in RR soybeans may be related to accumulation of AMPA, which is the first phytotoxic metabolite of glyphosate, and in conditions of low solar radiation could present boosted phytotoxicity.
Even taking into account that the formulations used have different salts in their composition, which, along with the surfactants present, provide differentiated penetration, absorption and translocation (Santos et al., 2007) , the end effects observed in the culture, in both experiments, before the assessments conducted, were similar.
The effects became clearer in the factor doses, in which, for the variable yield in the first crop, phytotoxicity in the the second crop and height in both crops, potential deleterious effects were identified in these traits of agronomic interest, from increasing doses of glyphosate applied. These results are directly related to those discussed by several authors, probably because they are connected or arise from potential injury, or even from the harmful effects of glyphosate and its metabolites, as found in the literature Zablotowicz & Reddy, 2004; Santos et al., 2007; Zablotowicz & Reddy, 2007; Zobiole et al., 2010a,b,c; Albrecht, et al., 2011a,b; Albrecht et al., 2012a,b; Cavalieri et al., 2012) .
From the results presented and discussed, it is understood that the application of glyphosate can linearly decrease the agronomic performance of RR soybeans when applied at the R1 stage. However, further studies are needed using different genotypes in different sowing dates in different regions, so that it is possible to consolidate a technicalscientific position on the subject and thus decrease the likely deleterious effects of glyphosate on the culture of RR soy, fostering a more secure and sustainable use of this important technology.
ACKNOWLEDGMENT
To CAPES (Coordination of Improvement of Higher Education) and, mainly, to FAPESP (Foundation to Support Research of the Brazilian state of São Paulo), for the support to the researchers. To farmer Alfredo Albrecht, for the fundamental help when conducting field experiments.
